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CROSS-REFERENCE 

[0001] The present application is related to U.S. Patent Application Serial No. 
(Attorney Docket No. 24061.20), entitled "DECOUPLING CAPACITOR." 

BACKGROUND 

[0002] The present disclosure relates generally to integrated circuit devices and, 
more particularly, to electrostatic discharge protection structures for integrated circuit 
devices. 

[0003] Integrated circuit (IC) devices are vulnerable to electrostatic discharge (ESD) 
damage. An ESD is generated by a high field potential, which causes 'charge-and- 
discharge' events (e.g., a rapid flow of electrons between two bodies of unequal charge 
or between one charged body and ground, with an electronic circuit being the path of 
least resistance between the two). An ESD may damage an IC by causing leakage 
currents or functional failures, and may even destroy an IC. 

[0004] Various ESD simulation models exist, including the Human Body Model 
(HBM) and the Machine Model (MM). Since the human body has a charge-storage 
capacitance and a highly conductive sweat layer, the discharge from a person's touch 
may be simulated with the HBM using a resistor-capacitor (or RC) circuit. A IC device 
should generally survive an ESD of 2000V or higher with the HBM. The MM uses an 
ESD simulation test based on a discharge network consisting of a charged capacitor and 
(nominally) zero ohms of series resistance to approximate the electrostatic discharge 
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from a machine. An IC device should generally survive an ESD of 200V or higher with 
the Machine Model. 

[0005] The reliability challenge presented to ICs by an ESD is complicated by the 
shallower junction and relatively thin gate oxide used in metal oxide semiconductor 
field effect transistor (MOSFET) devices. This is particularly true as IC materials and 
fabrication processes enable the fabrication of ICs using deep sub-micron 
complementary MOS (CMOS) technologies. Generally, to sustain a reasonable ESD 
stress in submicron CMOS ICs, ESD protection circuits are added to the ICs. In order 
to sustain the desired ESD voltage levels, a conventional ESD protection circuit design 
may use an n-type MOS transistor with a resist-protection-oxide (RPO) layer. The RPO 
layer blocks silicidation (e.g.,. an anneal that results in the formation of a low resistance 
metal-Si alloy that acts as a contact) on the drain region to enhance ballasting resistance 
for an ESD protection circuit. 

[0006] To further enhance ESD protection, the channel width of ESD protection 
devices may be designed with larger dimensions so that more ESD current can be 
discharged. However, if the current does not flow through the channel uniformly (e.g., 
if no uniform turn-on effect occurs), a larger channel width may not provide additional 
protection. This may be a problem in both single and multiple finger devices. For 
example, if current flows through only a portion of a wider drain of a single fingered 
device, then the IC may be destroyed even though the drain is relatively wide. In an 
ESD protection device implemented using multiple fingers, damage may occur if some 
of the fingers fail to turn on. The failure of some fingers to turn on increases the 
current through the remaining fingers and may destroy the associated IC. 
[0007] Accordingly, what is needed is an improved ESD protection structure for IC 
devices. 



2 



Attorney Docket No. 2406 1.27/TSMC2002-1 168 

Customer No. 27683 

SUMMARY 

[0008] In one embodiment, a deep submicron electrostatic discharge (ESD) 
protection structure is provided. The structure comprises first and second electrodes 
separated by a dielectric material, a source positioned proximate to the first electrode, 
and a drain positioned proximate to the first electrode and covered by a silicide layer. 
The silicide layer enhances ESD protection provided by the structure. 
[0009] In another embodiment, a deep submicron ESD protection structure for a deep 
submicron integrated circuit is provided. The structure comprises a first finger, a 
second finger, a drain, and a silicide layer. The first finger has first and second 
electrodes separated by a thin oxide material, and a first source positioned proximate to 
the first electrode. The second finger has third and fourth electrodes separated by a thin 
oxide material, and a second source positioned proximate to the third electrode. The 
drain is positioned proximate to the first and third electrodes, and separated from the 
first source by the first electrode and from the second source by the third electrode. 
The silicide layer is in direct contact with the drain. 

[0010] In yet another embodiment, a method for fabricating a deep submicron 
electrostatic discharge structure is provided. The method comprises forming a well 
region and forming a thin gate oxide layer above the well region. A polysilicon gate 
structure is formed above the gate oxide layer. A source region is formed proximate to 
the gate oxide layer and a drain region is formed proximate to the gate oxide layer and 
opposite the source region. A silicide layer is formed over the drain region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig, 1 is a cross-sectional view of one embodiment of an electrostatic 

discharge protection structure with a fully silicide source and drain. 

[0012] Fig. 2 is a cross-sectional view of another embodiment of an electrostatic 

discharge protection structure with a fully silicide source and drain, where the drain is 

floating. 

[0013] Fig. 3 is a schematic diagram of one embodiment of an I/O device using the 
electrostatic discharge protection structure of Fig. 2. 
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[0014] Fig. 4 is a schematic diagram of another one embodiment of an I/O device 
with an electrostatic discharge protection structure. 

[0015] Fig. 5 is a schematic diagram of still another embodiment of an I/O device 
with an electrostatic discharge protection structure. 

[0016] Fig. 6 is a schematic diagram of yet another embodiment of an I/O device 
with an electrostatic discharge protection structure. 

DETAILED DESCRIPTION 

[0017] The present disclosure relates generally to integrated circuit devices and, 
more particularly, to electrostatic discharge protection structures for integrated circuit 
devices. It is understood, however, that the following disclosure provides many 
different embodiments, or examples, for implementing different features of the 
invention. Specific examples of components and arrangements are described below to 
simplify the present disclosure. These are, of course, merely examples and are not 
intended to be limiting. In addition, the present disclosure may repeat reference 
numerals and/or letters in the various examples. This repetition is for the purpose of 
simplicity and clarity and does not in itself dictate a relationship between the various 
embodiments and/or configurations discussed. 

[0018] Electrostatic discharge (ESD) protection in an n-channel metal oxide 
semiconductor field effect transistor (NMOSFET) is generally based on the 
NMOSFET's snap-back mechanism, which enables the NMOSFET to conduct a high 
level of ESD current between its drain and source. This occurs when a strong electric 
field across the depletion region in the drain substrate junction becomes high enough to 
begin avalanche breakdown, which in turn causes impact ionization, resulting in the 
generation of both minority and majority carriers. The minority carriers flow toward 
the drain contact, and the majority carriers flow toward the substrate/p-well contact, 
causing a local potential build up across the current path in the p-well substrate. When 
the local substrate potential is approximately 0.6 V higher than an adjacent n-H source 
potential, the source junction becomes forward biased. The forward biased source 
junction then injects minority carriers (electrons) into the p-well, and these carriers 
eventually reach the drain junction to further enhance the impact ionization effect. 
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Eventually, the NMOSFET reaches a low impedance (snap-back) state, which enables it 
to conduct a large amount of ESD current. 

[0019] To enhance the ESD protection capabilities of a MOSFET device, it is 
desirable to have a rapid turn on with a high degree of uniformity throughout the 
device. One technique for accomplishing this utilizes a multi-gate-finger configuration 
of reduced length polysilicon gate fingers to speed up the gate signal propagation and to 
increase the effective gate width. However, in a typical multi-gate-finger NMOS 
structure, not all the polysilicon gate fingers may turn on during an ESD event. That is, 
when the first few gate fingers reach their snap-back low impedance mode, the drain 
terminal to source terminal voltage is reduced to a value, called the snap-back voltage, 
which is less than the trigger voltage of the NMOS device. This has the effect of 
preventing the remaining gate fingers from being turned on. As a result, only a partial 
number of the gate fingers are available to absorb the ESD energy. Therefore, the ESD 
protection provided by the NMOSFET is significantly reduced. 
[0020] As will be described in greater detail in the following text and associated 
figures, using fully silicide drain and/or source regions may provide improved snap- 
back performance in a deep submicron integrated circuit (IC). This improved 
performance may be due to the junction between the drain region and the channel 
region exhibiting an abrupt junction breakdown behavior at a relatively low first 
breakdown voltage. In addition, the presence of the fully silicide drain region may 
reduce the source region barrier, thereby lowering the holding voltage and increasing 
ESD event survival expectancy. 

[0021] Referring to Fig. 1, a device 100 illustrates one embodiment of an IC device 
with enhanced ESD protection. In the present example, the device 100 comprises a 
deep submicron single-fingered negative-channel MOS (NMOS) structure, although it is 
understood that a positive-channel MOS (PMOS) structure may also be used, and that 
the device 100 may be used in a multi-fingered structure. 

[0022] The device 100 includes an N doped substrate 102. An isolation layer (not 
shown) is formed in the substrate 102 to electrically isolate device areas. A well region 
104 may be formed by ion implantation (although use of a P doped substrate may 
negate the need for a well region). For example, the well region 104 may be formed by 
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growing a sacrificial oxide on the substrate 102, opening a pattern for the location of 
the well, and then using a chained-implantation procedure, as is known in the art. It is 
understood that the substrate 102 may have a P doped well or a combination of P and N 
wells. 

[0023] An ultra-thin gate oxide layer 105 may then be formed, followed by the 
formation of a polysilicon gate structure 106 that comprises a layer of polysilicon 
deposited by a process such as low pressure chemical vapor deposition (LPCVD). The 
polysilicon gate 106 is connected to a power source Vdd, frequently via a Vdd pad (Fig. 
3). A silicide layer 107 may be deposited onto the polysilicon gate 106. The silicide 
layer 107 may be a metal silicide using one or more metals such as titanium, tungsten, 
cobalt, or nickel. Source and drain extensions (SDEs) 108 (e.g., lightly N- doped areas 
for a source and drain) in the well region 104 may be formed by low energy 
implantation or other known methods. 

[0024] A spacer 110 may be formed by LPCVD by, for example, depositing an 
insulating material such as silicon nitride or silicon oxide. The deposited silicon nitride 
or silicon oxide layer may then be anisotropically etched back to form the spacer. 
Heavily N+ doped source and drain regions 112, 114, respectively, may be formed by 
ion implantation to function as source and drain contact areas. The source region 1 12 
may comprise a silicide layer 1 16 over a doped area 118, and the drain region 1 14 may 
comprise a silicide layer 120 over a doped area 122. A rapid thermal annealing (RTA) 
step may be used to activate the implanted dopants. The source 112 may be connected 
to a P doped guard ring 124 and grounded. 

[0025] It has been found that, in micron and submicron devices, silicidation of the 
source 112, drain 1 14, and SDE extension 108 junctions reduces ESD resistance. For 
example, the silicide layer 120 formed on the drain 114 may decrease the ballast 
resistance of the device 100 and change the current distribution in the device. To avoid 
this, a resist protection oxide (RPO) layer (not shown) is generally deposited on the 
source and drain regions 112, 1 14 before metal deposition. The RPO layer serves to 
block silicon contact with the later deposited metal and avoids the silicidation of the 
NMOS device. The ESD current in an NMOS without the RPO layer may be 
concentrated in the channel surface of the NMOS, but the use of the RPO layer for 
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silicide-blocking moves the current away from the channel surface. Generally, the 
NMOS with the RPO layer can sustain a higher ESD level than that without the RPO 
layer. Furthermore, the NMOS without the RPO layer usually has a lower turn-on 
resistance than the NMOS with the RPO layer. 

[0026] However, in the present example, an RPO layer is not used for the deep 
submicron NMOS 100 for the following reasons. With the use of ultra-thin gate oxide 
(e.g., thickness < 25 A) process technology in modern ICs, if the polysilicon gate 
structure 106 connects to a Vdd bus, the traditional power protection structure (NMOS 
with an RPO layer) may no longer adequately protect the ultra-thin gate oxide layer 
105. For example, an NMOS at the deep submicron level with an RPO layer (and 
channel dimensions of length/width (L/W) 360/0.25 |am) provides protection to 
approximately 1500V at HBM and 75 V at MM, both of which are below the desired 
protection levels described previously. In contrast, it has been found that an NMOS at 
the deep submicron level without an RPO layer (and channel dimensions of L/W 
360/0.25 |am) provides protection to approximately 7500V at HBM and 350V MM. In a 
thin gate oxide NMOS at the deep submicron level, the use of a silicide drain may 
decrease the electric field near the edge of the gate oxide, which may protect the gate 
oxide from degradation that might occur from a stronger electric field. Accordingly, as 
is illustrated in Fig. 1, the device 100 is a fully silicide device (e.g., has a drain and/or 
source that includes or is in direct contact with a silicide layer), which improves the 
device's ESD resistance. 

[0027] It is understood that the device 100 may be combined with other devices to 
form a larger ESD protection structure. For example, the device 100 may be combined 
in parallel with other transistors. In this case, although not shown in Fig. 1, ESD 
protection in the device 100 may be increased by providing a more uniform current flow 
across the transistors. When the transistors are combined in parallel, the current flow 
across all of the transistors should be balanced. This balancing may be accomplished 
by providing a relatively small resistance in series with the drain 114 (of each 
transistor). This resistance helps balance the current through the device 100 during 
ESD events by preventing one area of the device 100 from absorbing all of the ESD 
energy. 
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[0028] Referring now to Fig. 2, alternative or additional ESD protection may be 
provided in the device 100 of Fig. 1 by letting the drain 114 float. A parasitic element 
200, illustrated as a PNP bipolar junction transistor (BJT) with a base 202, collector 
204, and emitter 206, may exist within the device 100. The parasitic element 200 may 
be formed by current interactions among the Nh- drain 114, the P guard ring 124, and 
another heavily doped N+ area (not shown), which may be a source (such as the source 
112) for a second transistor. The nature of parasitic BJT snapback (e.g., a negative 
differential resistance regime) may present undesired effects in both single and multi- 
finger devices. If the NMOS structure is incorrectly designed, an arbitrary finger (in a 
multi-fingered device) may be triggered into voltage snapback. This drives all current 
through that finger, rather than distributing the current through each of the fingers. If 
the current going through the finger is high enough, it may result in failure due to early 
local current collapse accompanied by filamentation and thermal runaway. 
[0029] The use of a floating drain provides the parasitic element 200 with a constant 
potential region at the base 202. This reduces the thin oxide electric field near the 
polysilicon gate 106 and also reduces the tunnel current, resulting in decreased Vdd pad 
ESD susceptibility. Furthermore, the constant potential region appears to help 
distribute the current more evenly through the fingers of a multi-fingered device during 
snapback. Accordingly, the use of the floating drain 114 may provide the device 100 
with additional ESD resistance. 

[0030] It is understood that, to improve the turn-on uniformity in a multiple finger 
device, the use of a gate-driven design or a substrate-triggered design may increase 
ESD robustness of a large-device-dimension NMOS. However, ESD robustness of the 
gate-driven NMOS may decrease when the gate voltage is somewhat increased. This is 
may be due in part to a large ESD current discharging through the strong-inversion 
channel of the NMOS, which may burn out the NMOS. However, with the substrate- 
triggered design, the parasitic lateral BJT of the MOSFET may sustain higher ESD 
current than the gate-driven MOSFET. 

[0031] An NMOS (or PMOS) ESD protection circuit may be used in a number of 
applications. For example, one application in which an NMOS may be used to provide 
ESD protection involves driving an output voltage for an external device. In this 
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application, the gate of the NMOS is connected to an input drive signal. In another 
application, an NMOS may be used as an ESD protection device for an input pin or a 
power bus, with the gate of the NMOS electrically connected to ground. 
[0032] Referring now to Fig. 3, in another embodiment, a structure 300 illustrates 
one implementation of the device 100 of Fig. 2. The structure 300 includes a Vdd pad 
302, a MOS transistor 304 as a I/O output, and a fully silicide MOS transistor 306 (such 
as the device 100 of Fig. 2). The fully silicide transistor 306 includes a gate 308 
connected to Vdd, a fully silicide source 310 connected to ground, and a fully silicide* 
drain 312. The gate oxide is less than 25 A. In the present example, the drain 312 is 
floating, as described previously with respect to Fig. 2. 

[0033] It is understood that various IC layout parameters may affect the robustness 
of an ESD protection circuit associated with a MOS device. Some relevant layout 
parameters include channel width (W), channel length (L), clearance from a contact to a 
polysilicon-gate edge at drain and source regions, spacing between the drain and the 
guarding regions, and finger width. Accordingly, the layout parameters, including the 
exemplary channel dimensions and gate oxide thicknesses provided in the present 
disclosure, may be altered in order to modify the ESD protection behavior of the device 
associated with the parameters. 

[0034] Referring now to Fig. 4, in yet another embodiment, a structure 400 includes 
an I/O portion 402 and an ESD protection portion 404. The I/O portion 402 includes a 
voltage pad (Vdd) 406 and three parallel NMOS transistors 408. The ESD protection 
portion 404 includes three fully silicide grounded-gate NMOS transistors 410 and a 
floating pad (Vss) 412. The drain of each of the NMOS transistors 410 is connected to 
the floating pad 412 for enhanced ESD protection as previously described. In the 
present example, each of the NMOS transistors 410 have a channel length/width (L/W) 
ratio of approximately 900/0.25 |im and a thin gate oxide of less than 25 A. As 
described with respect to Fig. 1, a relatively small resistance maybe placed in series 
with the drain of each NMOS transistor 410 to balance the current flowing through the 
ESD protection portion 404. 

[0035] Referring now to Fig. 5, in still another embodiment, a structure 500 includes 
an I/O portion 502 and an ESD protection portion 504. The I/O portion 502 includes a 
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voltage pad (Vdd) 506, four parallel NMOS transistors 508, and four parallel PMOS 
transistors 510. The ESD protection portion 504 includes three fully silicide grounded- 
gate NMOS transistors 512. In the present example, each NMOS transistor has channel 
dimensions of approximately L/W 900/0.25 ^im, and each PMOS transistor has channel 
dimensions of approximately L/W 20/0.18 ^im, with a thin gate oxide of less than 25 A. 
[0036] Referring now to Fig. 6, in another embodiment, a structure 600 includes an 
I/O portion 602 and an ESD protection portion 604. The I/O portion 602 includes a 
voltage pad (Vdd) 606 and three parallel NMOS transistors 608. The ESD protection 
portion 604 include a fully silicide NMOS transistor 610, which has its gate connected 
to the voltage pad 606. In the present example, each NMOS transistor has channel 
dimensions of approximately L/W 900/0.25, and each PMOS transistor has channel 
dimensions of approximately L/W 0.25/0.25, with a thin gate oxide of less 25 A. 
[0037] In another yet embodiment, a multi-fingered deep submicron ESD protection 
structure includes at least two fingers. In the present example, the fingers share a drain, 
but it is understood that the fingers may each have a separate drain. The first finger has 
first and second electrodes that are separated by a thin dielectric material, such as an 
oxide. A first source is positioned proximate to the first electrode. The second finger 
has third and fourth electrodes separated by a thin dielectric material, such as an oxide. 
A second source is positioned proximate to the third electrode. The shared drain is 
covered by a silicide layer, and is positioned proximate to the first and third electrodes 
and separated from the first source by the first electrode and from the second source by 
the third electrode. As described previously, the silicide layer enhances the ESD 
protection afforded by the structure and shortens the transition time from breakdown to 
snapback 

[0038] While the invention has been particularly shown and described with reference 
to a few exemplary embodiments thereof, it will be understood by those skilled in the 
art that various changes in form and detail may be made therein without departing from 
the spirit and' scope of the invention. For example, various parameters may be altered 
with respect to a given NMOS or PMOS transistor's layout to modify the transistor's 
behavior. Furthermore, multiple transistors may be combined in a variety of ways to 
form an ESD protection structure. For example, multiple transistors may be used in 
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parallel or in series, and some components, such as drains, may be shared by two or 
more transistors. Therefore, the claims should be interpreted in a broad manner, 
consistent with the present invention. 
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